To examine the susceptibilities of different rat strains to oxygen-induced retinopathy, a model of human retinopathy of prematurity. [HW]) were maintained in room air or were exposed to alternating 24-hour cycles of hyperoxia (80% oxygen in air) and normoxia (21% oxygen in air) for 14 days and were killed for analysis, either immediately (postnatal day 14, [P14]) or after 4 days in room air (P18). The fluorophore-conjugated isolectin GS-IB4 was used to label the endothelial cells of wholemounted retinas, and digital images were analyzed for avascular area and for morphologic abnormalities. RESULTS. Exposure to cyclic hyperoxia inhibited retinal vascularization in all strains relative to age-matched room air control animals. Total retinal avascular area at P14 after cyclic hyperoxia varied significantly among strains (P Ͻ 0.001). Avascular areas were smallest for the albino F344, WF, and LEW strains; larger for the albino SD strain; and largest for the pigmented DA and HW strains. Susceptibility to hyperoxic vascular attenuation was associated with ocular pigmentation, but neither with body mass nor with natural variation in litter size. Room air exposure for 4 days after cyclic hyperoxia was also associated with strain-related differences in retinal vascularization and with abnormalities in vascular morphology (P Ͻ 0.05). For all strains, the size of the avascular retinal area at P14 was predictive of the severity of morphologic abnormality at P18. CONCLUSIONS. Marked and consistent variations in the response of different inbred rat strains to cyclic hyperoxia were observed, suggestive of a genetic component to oxygen-induced retinopathy. (Invest Ophthalmol Vis Sci.
T he neovascular retinopathies, characterized by the proliferation of aberrant retinal vessels, are a major cause of visual disability worldwide. [1] [2] [3] Disease processes as varied as retinopathy of prematurity (ROP), diabetes, sickle cell anemia, and retinal vein occlusion all converge on a common pathologic pathway characterized by retinal hypoperfusion, leading to hypoxia and neovascularization. 4, 5 Animal models of oxygen-induced retinopathy have provided pivotal insights into the pathogenesis of this shared pathway. Rodent retinal vascularization, in contrast to that of humans, occurs primarily ex utero. 6, 7 This process is driven by regional tissue hypoxia (physiological hypoxia), which accompanies retinal growth and maturation. 8 As retinal oxygen demand exceeds its supply by diffusion from the choroidal circulation, retinal sentinel cells (principally Müller cells) release a range of hypoxia-inducible angiogenic factors. Vascular endothelial growth factor (VEGF) has been well established as a central proangiogenic factor in this process. 9 -12 Expression of a suite of angiogenic factors, including VEGF, is primarily mediated by the heterodimeric transcription factor, hypoxiainducible factor (HIF)-1, which accumulates in hypoxia. [13] [14] [15] In this manner, retinal vascularization is closely matched to the oxygen requirement.
Exposure of neonatal rats to high levels of inspired oxygen (hyperoxia) is thought to increase the diffusion of oxygen from the choroidal circulation, such that retinal physiological hypoxia is abrogated. 9, 16, 17 This has the consequence of allowing retinal development to continue in the presence of an attenuated circulation. When hyperoxic exposure is terminated, the mature, sparsely vascularized retina becomes acutely hypoxic and the resultant surge in angiogenic factors leads to aberrant retinal vascularization that resembles the pathologic features of human proliferative retinopathies. 18, 19 Accordingly, animal models of oxygen-induced retinopathy are central to studies of the human disease and its treatment.
At present, few factors beyond birth-weight and gestational age are useful in stratifying neonates for risk of ROP. Insights gained from animal models may be of value to this end. In the oxygen-exposed rodent, the extent of the avascular area in the peripheral retina is highly correlated with both the risk of neovascularization and the severity of the neovascular response. 11, 18, 20 In other studies the severity of retinopathy has been associated with metabolic acidosis, 21 increased inspired carbon dioxide levels, [22] [23] [24] growth retardation, 25, 26 early postnatal insulin-like growth factor-1 deficiency, 27, 28 and with elevations in nitric oxide 29 and adenosine levels. 30 Retinopathy has also been linked with cyclooxygenase-2 31 and tyrosine kinase c-abl expression. 32 Furthermore, an association has been identified between ocular pigmentation and susceptibility to hypoxia-induced angiogenesis in the rat. 33 Other studies have demonstrated a greater susceptibility of albino rats than of pigmented rats to ischemic retinal injury 34 and to retinal gliosis after trauma and inflammation. 35 We sought to examine further the effects of strain and pigmentation on susceptibility to oxygen-induced retinopathy in the rat, with the purpose of enhancing understanding of the model and providing insights into human ROP susceptibility. The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.strain (Hooded Wistar [HW]) were used (Table 1) . Lineage records and allozyme electrophoresis confirmed genetic integrity. Four albino and two pigmented strains were selected to examine the effects of ocular pigmentation on oxygen-induced retinopathy. Pigmentation and eye color are listed in Table 1 . Rats were allowed unlimited access to water and rat chow and were exposed to a 12-hour light-dark cycle. Room temperature was maintained at 24°C. Ambient humidity was maintained at between 40% and 55% for all experimental groups. Animals were killed with an inhaled overdose of halothane anesthesia. All animal experiments were approved by the institutional Animal Welfare Committee and conformed to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.
METHODS

Experimental Animals
Exposure of Neonatal Rats to Cyclic Oxygen Levels
Female rats and their newborn litters were housed in a custom-built, humidified chamber (Fig. 1) . The cyclic oxygen exposure protocol was a modification of those used in other studies of rat oxygen-induced retinopathy. 18,20,36 -38 Litters were placed in the chamber within 12 hours of birth and exposed to alternating 24-hour cycles of hyperoxia (80% O 2 ) and normoxia (21% O 2 ) for the first 14 days of life (cyclic oxygen). An anesthetic blender (Bennett AO-1; CIG Medishield-Ramsay, Melbourne, Victoria, Australia) and high-flow oxygen regulator (Anaequip; Adelaide, South Australia, Australia) were used to deliver oxygen to the chamber at 25 L/min. Oxygen levels within the chamber were continuously monitored with a fuel-cell oxygen monitor (Oxygen Monitor, model 5550; Hudson, Temecula, CA) and were recorded with a data logger (Tinytalk II; Gemini Dataloggers, Ltd., Chichester, UK) for subsequent analysis (Gemini Logger Manager, ver. 2.6; Gemini Dataloggers Ltd.). An oxygen concentration of 80% Ϯ 1% was maintained for the duration of hyperoxic cycles. Survival rates were in excess of 95% for hyperoxia-exposed neonatal rats, and there was no obvious maternal oxygen toxicity. Rats reared in room air were used as control subjects. Pups from at least two different litters of each of the six rat strains studied were analyzed at each exposure endpoint to distinguish interstrain from intrastrain variation. In those instances in which an entire litter was not used for analysis, pups were selected at random. Mean litter sizes of each strain are provided in Table 1 .
Tissue Processing and Isolectin Histochemistry
After the 14-day period of cyclic hyperoxia, rats were removed to room air and killed for analysis immediately (postnatal day [P]14), to assess oxygen-induced vascular attenuation, or 4 days later (P18), to evaluate the extent of hypoxia-induced vasoproliferation. Control rats raised in room air were killed at P14 for comparison with rats exposed to cyclic oxygen. Enucleated eyes were fixed in 2% wt/vol paraformaldehyde in 1 M phosphate buffered saline (PBS; pH 7.4) at 4°C for 90 minutes and dissected according to the method of Chan-Ling. 39 Four equally spaced radially oriented incisions were used to flatten each retina. Retinal wholemounts were transferred, inner aspect up, to chrome-alumcoated glass slides, and the endothelial cells stained with fluorophoreconjugated Griffonia simplicifolia isolectin GS-IB4 40 (Alexa Fluor 488 conjugate; Molecular Probes, Eugene, OR) according to a modification of the method of Cunningham et al. 41 In brief, retinas were permeabilized with prechilled 70% (vol/vol) ethanol for 30 minutes at 4°C, followed by PBS-1% (vol/vol) Triton X-100 (Ajax Chemicals, Sydney, Australia) for 20 minutes. Each retina was washed twice with PBS and incubated with 50 L of 4 g/mL isolectin in PBS overnight. Retinas were washed in PBS seven times, covered with PBS and glycerol (2:1 vol/vol; pH 7.4) and coverslipped. In all cases, retinal dissection and histochemistry were performed within 6 hours of enucleation.
Image Analysis of Labeled Retinas
The right retina of each animal was used for image analysis. Imaging was performed within 12 hours of lectin labeling with a fluorescence microscope (BX50F; Olympus Optical Co., Ltd., Tokyo, Japan) equipped with a charge-coupled device (CCD)-digital camera (Photometrics Coolsnap fx; Roper Scientific, Trenton, NJ) and image acquisition software (RS Image, ver 1.01; Roper Scientific). Sequential, overlapping high-resolution images of the entire retina were captured with a 4ϫ objective. Images were manually arranged, merged to construct a montage image of the retina (Photoshop, ver. 7.0; Adobe Systems Inc., San Jose, CA) and analyzed using image-analysis software (ImageJ, ver. 1.30; available by ftp at zippy.nimh.nih.gov/ or at http:// rsb.info.nih.gov/nih-image; developed by Wayne Rasband, National Institutes of Health, Bethesda, MD). Each montage was analyzed in a window measuring 20 ϫ 20 cm on a high-definition LCD computer monitor (17-in. Apple Studio Display; Apple Computer, Cupertino, CA). Avascular areas were manually outlined and measured as a percentage of the total retinal area by a masked observer. Repeat analyses by the same observer were highly concordant (mean difference 2.1% Ϯ 
Oxygen-exposure chamber. Air and oxygen (a) were mixed with an anesthetic blender (b) and delivered to the chamber (c) with a high-flow regulator. The chamber was constructed from a wooden cabinet, which was mounted with Perspex doors and made airtight. Four rat cages (d) could be housed simultaneously. Oxygen levels within the chamber were continuously monitored with a fuel cell oxygen sensor (f) and an oxygen monitor (e) attached to a data recorder. Humidity was maintained at 50%.
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1.9%). The central avascular zone was defined as the capillary-free region surrounding the optic nerve head. Peripheral avascular zones were capillary-free regions not in continuity with the optic nerve head. A semiquantitative system was used to grade vascular morphology. The retinal montages of P18 cyclic oxygen-exposed rats were compared with reference images of room air-exposed controls. Montages were scored for vascular morphologic abnormalities and tortuosity. Morphologic abnormalities were defined as features not seen in the course of normal retinal vascularization, including regions of exceptionally dense vascular budding, vascular ridges, marked vascular dilatation, and neovascular tufts. Neovascular tufts were defined as vascular projections anterior to the superficial vascular plexus. Each retinal quadrant was divided into thirds to give a total of 12 clock hours of retina, and each clock hour was scored for the presence (1) or absence (0) of any of these morphologic abnormalities. 20, 38, 42 The tortuosity of retinal vessels was assessed by eye in masked fashion, using reference images for comparison. First-order vessels were considered along their entire length, and an overall grading was determined for each retina as normal (1), minimally increased (2), moderately increased (3), or markedly increased (4).
Statistical Analyses
Before statistical analysis, percentages were transformed with the angular (arcsin) transformation to normalize the variances of the data. 43 The transformed data were analyzed by analysis of variance, including repeated-measures designs when appropriate. Comparisons between subsets of data were made with preplanned, single degree-of-freedom contrasts, Ryan-Einot-Gabriel-Welsch F tests (REGWF tests) or Bonferroni tests, with significance levels (␣) set at 0.05 in each case. Summary data are expressed as the mean with 95% confidence interval (95% CI). 2 and Kruskal Wallis tests were used for the analysis of vascular morphology data. All statistical analysis was performed using SPSS software (SPSS, ver. 11.0.2; SPSS Inc., Chicago, IL).
RESULTS
Strain-Related Retinal Responses to Room Air Exposure
Control rats raised in room air for 1 day segregated into two groups with respect to retinal avascular area (F (5,15) ϭ 13.7, P Ͻ 0.001): avascular areas were slightly but significantly larger for the F344, WF, and DA strains (mean, 86.5%; 95% CI, 85.6%-87.4%), than for the SD, LEW, and HW strains (mean, 81.2%; 95% CI, 80.2%-82.3%). Significant differences were also found in total avascular retinal area among control rats of different strains at P14 (F (5,60) ϭ 33.4; P Ͻ 0.001; Figs. 2, 3 ). The central retina was fully vascularized in all strains by P14, and the differences were due entirely to variation in peripheral retinal vascularization. The peripheral avascular areas of the HW and DA strains were larger than those of other strains (P Ͻ 0.05). Although the avascular area of HW rats was more than twice that of F344 rats, it was still Ͻ10% of the total retinal area ( Table 2, Fig. 3 ).
Strain-Related Retinal Responses to Cyclic Oxygen Exposure
Rats exposed to cyclic oxygen for 14 days had significantly larger areas of avascular retina (overall mean, 41.6%; 95% CI, 39.6%-48.6%) than rats exposed to room air for the same period (overall mean, 4.9%; 95% CI, 4.5%-5.2%; F (11, 30) ϭ 1760.4; P Ͻ 0.001; Figs. 2, 3) . The effect of oxygen exposure on total retinal avascular area differed among strains (F (5,70) ϭ 73.2; P Ͻ 0.001). Avascular areas were smallest in the F344, WF, and LEW strains, larger in the SD strain, and largest in the DA and HW strains (P Ͻ 0.05 per comparison).
At P14, all strains exposed to cyclic hyperoxia exhibited avascular areas in the central retina that were not seen in rats FIGURE 2. Comparison of retinal vascular area and morphology by strain, for room air and hyperoxia-exposed rats. Digital montages of retinal wholemounts labeled with fluorophore-conjugated isolectin GS-IB4. Representative retinas of rats reared in room air and cyclic hyperoxia (80%) are provided for each strain. Strain-dependent differences in vascular attenuation followed 14 days of oxygen exposure (P14). Differences in vascular morphology and proliferation were apparent after a 4-day period of relative hypoxia in room air (P18).
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Susceptibility to Oxygen-Induced Retinopathy in the Rat 1447 exposed to room air. The extent of central avascular area differed among strains (F (5,70) ϭ 38.4; P Ͻ 0.001). Those of the F344, WF, and LEW were smaller than those of other strains (P Ͻ 0.05). Rats exposed to cyclic oxygen had larger avascular areas in the peripheral retina at P14 (mean, 28%; 95% CI, 26.8%-29.3%) than did those exposed to room air (mean, 4.8%; 95% CI, 4.2%-5.5%; F (11, 30) ϭ 1096.6; P Ͻ 0.001). The size of peripheral avascular areas differed among strains (F (5,70) ϭ 72.5; P Ͻ 0.001). Peripheral avascular areas of DA and HW rats were more than double those of F344, WF, and LEW rats (P Ͻ 0.05). The peripheral avascular area of SD rats was less than those of DA and HW rats but greater than those of other strains (P Ͻ 0.05 per comparison). Mean litter sizes for oxygen-exposed rats ranged from 6 to 10 for all strains, and no association was found between litter size and retinal avascular area at P14 (linear regression, r ϭ 0.17; P ϭ 0.13).
At P18 (14 days of cyclic oxygen followed by 4 days in room air) rats had total retinal avascular areas that were intermediate in size between those of the control and the oxygen-exposed groups at P14 (P Ͻ 0.05 per comparison; Table 2 ; Figs. 2, 3) . Comparison between oxygen-exposed rats at the P14 and P18 time-points yielded two key findings: (1) in all strains central retinal vascularization was nearly complete by P18 and (2) F344, WF, and LEW rats had smaller peripheral avascular areas at P18 than at P14 (P Ͻ 0.05 per comparison). In contrast, there were no significant changes in peripheral avascular area in SD, DA, and HW rats between these two time-points (P Ͼ 0.05).
Vascular Morphology
Assessment of the retinal vascular morphology of rats at P18 is presented in Table 3 . Figures 2 and 4 provide representative images. There were significant differences in clock hours of vascular morphologic abnormality among strains ( 2 (60) ϭ 142.7; P Ͻ 0.001). The F344, WF, and LEW strains had fewer clock hours of abnormality than did the SD strain which, in turn, had fewer than the DA and HW strains. Tortuosity of the major retinal vessels was minimally increased for F344, DA, and HW rats, moderately increased for WF rats and markedly increased for LEW and SD rats, relative to room air control subjects.
Body Mass
There were significant strain differences in body mass among control rats raised in room air for 14 days (F (5,60) ϭ 23.5; P Ͻ 0.001; Table 4 ). SD rats were significantly heavier than HW FIGURE 3. Newborn rats of six strains were exposed to room air or cyclic hyperoxia for 14 days before analysis of retinal avascular area (P14). A third group was exposed to cyclic hyperoxia for 14 days followed by room air for 4 days (P18). Mean central avascular area (peripapillary capillary-free zone) and peripheral avascular area (peripheral capillary-free zone, not in continuity with the optic nerve head) are presented as a percentage of the total retinal area. Error bars are 95% CIs for total avascular area. rats, which in turn were heavier than rats of other strains (P Ͻ 0.05 per comparison). Across all strains oxygen exposure had a small, but statistically significant inhibitory effect on mass (mean difference, 1.67 g; 95% CI, 0.36 -2.98 g; P ϭ 0.013). However, when mass was used as a covariate, there was no change in the strength of association between strain and retinal avascular area. Only 10% of the strain difference in avascular area was attributable to differences in mass (r 2 ϭ 0.10).
DISCUSSION
This study has identified marked and consistent variation in the response of different inbred rat strains to cyclic hyperoxia in a model of oxygen-induced retinopathy. Significant inhibition of retinal vascularization occurred in newborn rats of all strains after exposure to 14 days of cyclic hyperoxia. However the extent of this inhibition differed significantly among strains and was associated with ocular pigmentation, but not with body mass. Those rats that were exposed to the relative hypoxia of room air for 4 days, after 14 days of cyclic oxygen, underwent complete central vascularization. Peripheral vascularization was incomplete, however, and differed significantly in extent among strains, as did vascular morphologic abnormalities. Two distinct patterns of retinal vascularization were observed. Those strains that were relatively resistant to cyclic oxygen exposure-the F344, WF, and LEW-had comparatively small avascular areas in the peripheral retina at P14. During the 4-day after exposure period, these strains underwent complete central vascularization, with near complete vascularization of the retinal periphery. Vascular architecture was relatively normal, and few morphologic abnormalities were identified. In contrast, those strains that were more susceptible to cyclic oxygen exposure-the SD, DA, and HWhad large peripheral avascular territories at P14. During the period of relative hypoxia, there was dense and disordered vasoproliferation both centrally and in those peripheral regions that were already vascularized at P14. The retinal vascular morphology in these strains (SD, HW, and DA) was highly abnormal, with dense tufts of endothelial cells, distended central vessels, and grossly dilated vascular buds at the avascular periphery.
In studies of the effects of different hyperoxic exposures on retinal vascularization in the SD rat, a strong association has been identified between the extent of retinal avascular area at the cessation of hyperoxia and the development of neovascularization after subsequent room air exposure. 11, 18, 20 The present study confirms these findings and demonstrates that the susceptibility to hyperoxic vascular attenuation and subsequent vascular abnormality differs significantly among strains.
Of note, vascular tortuosity, a marker of disease severity in human ROP ("plus" disease) bore no obvious relationship to either the degree of retinal vascularization or to other morphologic abnormalities. 44 In contrast to the F344, WF, and LEW strains, no significant vascularization of the avascular retinal periphery was observed during the period of relative hypoxia (P14 -P18) for those strains most susceptible to hyperoxic vascular attenuation (SD, DA, and HW). However, when these rats were examined at later time points, they all exhibited complete retinal vascularization (data not presented). The basis for this delay in peripheral vascularization remains in question. It may be that the large avascular areas in the retinas of these strains are subjected to a more profound hypoxic insult after room air exposure than those of more vascularized strains. The delay in vascularization may therefore relate to transient ischemic compromise of glial cells that ordinarily play critical roles in vascular patterning of the retina, or to disruption of other mediators of vascular development, such as extracellular matrix proteases and cellular adhesion molecules. 9, [45] [46] [47] In all strains, central retinal vascularization occurred at a more rapid rate than peripheral vascularization during the period of relative hypoxia. The central retina was vascularized in all strains at birth, and exposure to hyperoxia was associated with vasoconstriction of the central vessels 18, 48 and later with endothelial cell death. 49 Revascularization of the central retina is likely to have been facilitated by surviving endothelial cells, and residual extracellular matrix may have aided the ingrowth of nascent vessels. Furthermore angioblasts, important in developmental retinal vascularization, would be expected to have more ready access to the central retina than to more peripheral regions. 50, 51 A small but significant strain difference was found in the extent of retinal vascularization among control rats exposed to room air for 14 days. Control rats of those strains relatively resistant to cyclic hyperoxia, the F344, WF, and LEW, had smaller avascular areas than those of strains susceptible to hyperoxia, the HW and DA. Although a marginally slower rate of retinal vascularization in room air conditions may predispose to increased susceptibility to hyperoxia, it is unlikely to constitute the sole basis for the observed differences in susceptibility. Other strain-dependent genetic factors are likely to be involved. Differences in the regulatory effects of oxygen tension on retinal angiogenesis, such as the ubiquitination and degradation of the constitutively expressed ␣ subunit of HIF-1, or in glial cell sensitivity to hyperoxia, may be responsible. 14 Nunes et al. 32 have implicated the nonreceptor tyrosine kinase c-abl in oxygen-induced changes in retinal VEGF mRNA expression in the mouse. Alterations in the expression of c-abl or other mediators of oxygen-regulated gene expression may be responsible for the strain differences observed in the present study. Other strain-dependent differences in angiogenesis in the rat are known. Pandey et al. 52 have identified a quantitative trait locus (Edpm5) that contributes to the marked differences in susceptibility of F344 and Brown Norway (BN) rats to angiogenesis in a model of estrogen-induced prolactinoma. In another model, Wang et al. 53 reported that the impaired angiogenesis of spontaneous hypertensive rats, relative to SD rats, is associated with reduced expression of both the VEGF receptor KDR and membrane type 1 matrix metalloproteinase. Angiogenesis has also been shown to vary within rat strains. Kitzmann et al. 54 suggested that significant differences in the severity of oxygen-induced retinopathy between two different groups of inbred SD rats point to a genetic basis for angiogenic susceptibility. Further investigation of these and other postulated risk factors 27,29 -31 may identify the basis for the heterogeneity identified in this work.
A previous study of the pigmented BN and albino SD rat strains had implicated ocular pigmentation in susceptibility to hypoxia in the oxygen-induced retinopathy model. 33 A biphasic oxygen-exposure protocol similar to the one described in this study, comprising an initial hyperoxic exposure followed by a period of relative hypoxia in room air, was used. Retinal vascular abnormalities were more marked in the BN strain after the period of relative hypoxia. This was associated with a higher ratio of expression of VEGF to the antiangiogenic factor pigment epithelium derived factor (PEDF), in the BN compared with the SD strain. Accordingly, the BN strain was deemed to be more susceptible to retinal hypoxia. However, allowance was not made for the relative susceptibilities of each strain to the initial hyperoxic exposure. It was noted that BN retinas were less well vascularized than those of the SD strain immediately after hyperoxic exposure. Thus, the stimulus for angiogenic factor expression was not equal for the different rat strains at the commencement of room air exposure. It follows that the observed differences in angiogenic factor expression and retinal vascularization may have been due to a greater susceptibility to hyperoxia of the BN rat, rather than to differences in the response to hypoxia.
The two rat strains most susceptible to hyperoxia in the present study, the HW and DA, were also those with pigmented eyes. PEDF was first purified from extracts of cultured retinal pigment epithelial (RPE) cells. 55 Oxygen excess has been associated with an increase in retinal PEDF expression in vivo and in RPE cell culture, 56, 57 but the mechanisms of this effect are yet to be determined. It may be that pigmented eyes express PEDF to a greater extent under hyperoxia than do nonpigmented eyes. This difference would lead to an increase in PEDF-mediated inhibition of retinal angiogenesis during the hyperoxic exposure, rendering the retinas of pigmented eyes more ischemic on room air exposure. In the study of Gao et al., 33 retinal PEDF expression was increased 3.8-fold over control samples from BN rats at the conclusion of hyperoxic exposure. No significant increase in PEDF levels was found in SD rats at the same time point, supporting this hypothesis. However, the greater susceptibility of the SD strain compared with the other albino strains in the present study, suggests that factors other than ocular pigmentation must also be important.
Studies of human ROP do not support the conclusion that ocular pigmentation is positively associated with the severity of disease. In fact, multivariate analysis of data collected from 4099 premature neonates in the natural history cohort of the Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) study suggests the converse. 58 White neonates were at significantly greater risk of severe retinopathy than black neonates. This finding reinforces the fact that the rodent model of oxygeninduced retinopathy is an approximation of a complex and multifactorial human disease and that care must be taken in the extrapolation of findings from the animal model. The basis for the association between ocular pigmentation and the risk of retinopathy in humans and rodents remains uncertain.
Strain-dependent differences in the susceptibility to hyperoxia may in part account for the abandonment of the rat model of oxygen-induced retinopathy for Ͼ30 years. In the 1950s and early 1960s Ashton and Blach. 59 were unable to demonstrate significant retinopathy in WF rat pups in studies of oxygeninduced retinopathy. The present study identified the WF strain as relatively resistant to hyperoxic exposure. It was not until the 1990s that the rat model became widely accepted as a valid model of proliferative retinopathy, due largely to the studies of Reynaud and Penn, 18, 20, 37, 38 who exposed the more susceptible SD strain to cyclic hyperoxia.
Strain-related heterogeneity of ocular angiogenesis in rodents is not limited to susceptibility to hyperoxia. Rohan et al. 60 have identified strain-dependent variation in the response to angiogenic factors. In a mouse model of corneal neovascularization, corneal stromal implantation of basic fibroblast growth factor (bFGF)-impregnated micropellets was associated with angiogenesis that differed by up to 10-fold among strains. Similar heterogeneity was seen in the response to VEGF. Chan et al. 61 have demonstrated that the extent of the resting limbal vasculature differs considerably among mouse strains and is predictive of the response to bFGF in the corneal neovascularization model.
Identification of the etiology of the strain-related differences described in this study will enhance understanding of the rodent model of oxygen-induced retinopathy. This determination is of importance, given the increasing use of the model for studies of the pathogenesis of the human proliferative retinopathies and the trial of potential therapeutic interventions. 62 Further work may lead to the identification of genetic risk factors for human ROP, allowing the stratification and treatment of at-risk neonates. 
